Introduction. Capillaroscopy is a non-invasive imaging method that allows cutaneous microcirculation to be analyzed. During the last decades, a diagnostic and prognostic potential of nailfold capillaroscopy (NVC) has been gaining increasing appreciation. The main indications include Raynaud phenomenon and scleroderma spectrum diseases, however the usefulness of this technique is also suggested in a variety of non-rheumatic diseases.
a mini video recorder ( Figure 1C,D) , which significantly improves the quality and allows for an analysis of microcirculation at all cutaneous sites (nailfold videocapillaroscopy -NVC and out-of-nailfold videocapillaroscopy; Figure 1E ) to be performed [1] .
During the last decades, there has been a widespread interest in NVC and its diagnostic and prognostic power is being increasingly appreciated. Still, the main indication for performing NVC is the differentiation between primary and secondary Raynaud phenomenon (RP). However, a potential application of this technique is also suggested in a variety of non-rheumatic diseases in which angiogenic alterations are present, including diabetes mellitus, cardiac syndrome X, arterial hypertension, acromegaly, hyperthyroidism, primary biliary cirrhosis, Crohn's disease, psoriasis, and familial Mediterranean fever [2] .
IntRoDuCtIon
Capillaroscopy (intravital capillary microscopy) is a noninvasive imaging technique, used for an in vivo analysis of cutaneous microcirculation, as well as quantifying some of its parameters. Capillaroscopy is one of the safest and quickest diagnostic systems used for detection and monitoring of morphological alterations of microvessels. It is so useful because it reveals even minute changes. It can be performed with various optical instruments ( Figure 1A ) and principally, it is carried out using a nailfold capillary bed. This is due to the fact that the capillaries in this area are arranged in a parallel fashion with respect to the skin surface, which means that a large part of their loops can be observed ( Figure 1B ). Despite that, the tool that was introduced recently, namely videocapillaroscopy (VC), has some further advantages. The history of capillaroscopy in the Department of Dermatology began over 20 years ago, with Janusz Urban as a pioneer in this field. In 2009, as the first research center in Poland, we started using the video microscopy equipment ( Figure 1C ). Since then, we have been focused on intensive studies on cutaneous microcirculation in rheumatic and nonrheumatic disease. We paid special attention to RP, systemic sclerosis (SSc), psoriasis vulgaris (PV)/psoriatic arthritis (PsA), alopecia areata (AA) and androgenetic alopecia. In each disease, angiogenic alterations may play an important role.
AIM
The aim of the study was to assess capillaroscopic patterns in SSc, PV, PsA, AA and androgenetic alopecia. Also, we wanted to evaluate serum levels of several endothelial and angiogenic markers, as well as their relation to the capillaroscopic pattern in these diseases.
MATERIAL AND METHODS
A total of 295 patients and age-and sex-matched healthy controls were enrolled in the study (Table 1 ). In case of all patients and controls, serum levels of certain angiogenic markers were measured. All measurements were performed by ELISA, except from endothelial microparticles (EMPs), which were identified by fluorocytometry in platelet-poor plasma according to the procedures described by Jimenez et al. [3] and Bernal-Mizrachi et al. [4] . NVC was performed in patients with SSc, PV, PsA, AA and androgenetic alopecia, as well as in matched healthy controls in a blind manner, using a videocapillaroscope (VideoCap 3.0, DS Medica, Milano, Italy) by one researcher, basing on the instructions described previously [1] . Patients with SSc were classified according to Cutolo et al. as those with an early, active and late capillaroscopic pattern [1] (Figure 2) . No significant differences in the levels of Ang-1 were found between the three capillaroscopy groups of SSc patients. In contrast, serum concentrations of Ang-2 were significantly increased in patients with the late pattern, when compared against those SSc patients, who had capillaroscopic changes typical of active pattern (p<0.05). Serum levels of Ang-2 in SSc subjects with late capillaroscopic pattern were also higher, but not significantly different than in patients with early changes (p>0.05) [5] .
Disease

Number of patients
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Systemic
Serum Angiopoietin-1 (Ang-1) was significantly decreased (p<0,01), while serum Angiopoietin-2 (Ang-2) was substantially elevated (p<0,01) in patients with SSc as compared with healthy controls [5] .
In the field of EMPs, preliminary study showed that all types of EMPs were significantly elevated in SSc patients as compared with healthy controls. Significant correlations have been observed between levels and phenotypes of EMPs and detailed malformations of nailfold capillaries (ahead of pub). The mean concentration of total EMPs (CD31+/CD42b-) in SSc patients with late pattern in capillaroscopy was significantly lower as compared with SSc patients with early capillarscopic pattern (p<0.05), and tended to be lower as compared with SSc patients with active pattern (p=0.1), however, we found no significant differences in the concentration levels of any of EMPs' subpopulations (activated/apoptotic), between SSc patients with different capillaroscopic patterns (data unpublished).
Psoriasis. The incidence of tortuous capillaries was significantly higher in the studied psoriatic patients, when compared against the healthy group (p=0.018). Psoriatic patients presented the following nailfold capillaries: coiled (24.32%), of a "psoriatic plaque" type (15.32%), "M"-shaped (18.92%), bushy (0.9%), branching (10.81%), all of which were not observed in the controls. In the patients with PsA, the subpapillary venular plexus was visible significantly more often than in the PV patients. Moreover, in the PsA patients reported a decreased number of nailfold capillaries, as well as the presence of thin and frail capillaries, significantly more common than in healthy subjects.
Statistically significant activity of PlGF, endostatin and thrombospondin in psoriatic patients, in comparison with healthy subjects, was found (p<0.000001). No statistical difference in the serum sVEGF activity between the psoriatic patients and healthy subjects was observed (p=0.175). Statistical analysis of the serum activity of the selected angiogenic markers, i.e. PlGF, sVEGF, endostatin, thrombospondin 2 and four distinguished capillaroscopic patterns (described below) (Figure 3 ), did not reveal any significant correlations (p=0.600; p=0.149; p=0.673; p=0.289, respectively) (unpublished data). Alopecia areata. Two types of NVC images were distinguished. The most common was the normal pattern (similar to healthy population), present in 41 patients. In the abnormal pattern, which was recognized in 30 subjects, at least 2 NVC alterations in minimum 2 fingers were observed [6] . The NVC images were varied. There was no statistical correlation between the severity of AA and the presence of abnormal NVC images p=0.233 [6] . Moreover, the disease activity did not correlate with NVC alterations (p=0.223) (unpublished data).
Among patients with the second type of NVC images, all subjects had tortuous loops (Figure 4) . Most patients had multiple tortuous loops with irregular appearance, defined by the presence of multiple crossovers or morphology of the loops described as: "treble clef" loop, "antler" loop, "trefoil" loop as well as meandering appearance with single or multiple crossovers. Compared against the healthy subjects in this group, we observed significantly more often branching capillaries and features of the capillary neoformation, characterized by the presence of thin interconnection between the limbs, or thin branching within one limb (p=0.001, p=0.021, respectively).
There were no significant differences between the presence of NVC alterations in patients with AA and serum concentration of VEGF-A, HGF, IGF-1 and endostatin (respectively p=0.779, p=0.843, p=0.788, p=0.530) (unpublished data).
Androgenetic alopecia. Tortuous loops were observed in 98% of patients with androgenetic alopecia. Among these, 21.6% had multiple tortuous loops. Branching capillaries and features of neoformation were observed significantly more often respectively in 6.67% and 18.33% of study subjects than in a control group. In our observation, the dilation of the efferent limb was found in 10% of patients. The frequency of these alterations was significantly higher in the studied group than in the control group (p<0.017). Altered distribution of capillaries was observed significantly more often in the patients with pattern hair loss, when compared to the healthy volunteers (p=0.0003).
Based on the results, we distinguished two types of NVC images in the patients with androgenic alopecia. The first, normal pattern, was present in the majority of patients (47-78.3%). The abnormal NVC images were present in 13 patients. Similarly to AA, NVC images varied, but each patient had at least 2 alterations in at least 2 fingers. All subjects in this group had altered distribution of capillaries and multiple tortuous loops, the majority of which had an irregular appearance. In contrast to the patients with the first type of NVC pattern, or the control group the features of capillary neoformation were shown in majority of patients (p=0.002) (unpublished data).
There was no statistical correlation between the severity of the hair loss and the presence of abnormal NVC images (p=0.078). Similarly, no significant differences were shown between the presence of NVC alterations and serum concentration of VEGF-A, HGF, IGF-1 and endostatin (respectively p=0.346; p=0.456; p=0.542; p=0.836) (unpublished data).
DISCuSSIon
Systemic sclerosis. In 1925 Brown and O'Leary used capillaroscopic analysis for the first time to show in detail the abnormalities that characterize the involvement of the microvasculature in SSc [7] . In 1973 Maricq and LeRoy made the first study describing specific capillaroscopic patterns in SSc, then reclassified by Cutolo et al. in year 2000 into three defined major patterns: early, active and late, each characterized by different proportions of scleroderma-type hallmark parameters: giant capillaries (megacapillaries), microhaemorrhages, ramifications and capillary loss [8, 9] (Figure 2) .
More than 95% of SSc patients have specific capillary abnormalities, even in the early stages of the disease, when clinical features are only limited to RP. Therefore, it has been proposed that specific alterations in nailfold capillaries should be included as classification criteria for very early SSc (VEDOSS) [10] , as well as the newest classification criteria for SSc, approved by the American College of Rheumatology (ACR) Board of Directors and the European League Against Rheumatism (EULAR) Executive Committee, which replaced previous ARA criteria established in 1980 [11] .
The links between NVC and clinical markers of the disease are important issues in SSc. It has been shown that more advanced capillary loss is associated with the development of clinically relevant skin involvement with digital ulcers and poor prognosis [12] . NVC abnormalities might also reflect what is going on in the pulmonary circulation and recent studies suggest that nailfold capillary density reduction is a marker of the presence and severity of pulmonary hypertension (PAH). As a consequence, the early detection of SSc microangiopathy could allow preventive treatment with reduction of morbidity [13, 14] . Although the role of vascular damage in SSc seems to be important, mechanisms leading to alterations in microcirculation remain unclear. Hence, there is a growing interest and intense recent research on reliable biological markers of endothelial injury and defective angiogenesis in vitro in combination with structural changes in capillary loops observed in vivo.
In our study we described several relationships between pathological changes in nailfold capillary bed in SSc patients and endothelial activation/damage markers as well as angiogenic factors, including angiopoietins and EMPs. Angiopoietins are ligands for the endothelium-specific tyrosine kinase Tie2 receptor. The role of Ang-1 and -2 has been clarified as they might act alongside VEGF, a key molecule involved in angiogenesis [15] . Angiopoietins are known to be involved in the development, remodelling and stability of blood vessels. It was therefore tempting to hypothesize that altered expression of Ang-1 and -2 might contribute to the pathogenesis of SSc through promoting development of SSc-related vasculopathy [16] . In fact, we found serum concentrations of Ang-2 were significantly increased in patients with the late pattern when compared with those SSc patients who had capillaroscopic changes typical of active pattern. Hence, these observations may suggest that significantly increased levels of Ang-2 in sera of SSc patients reflect vascular injury and might be associated with more advanced capillary damage.
Although we did not observe any differences in Ang-1 levels directly, according to the type of capillaroscopic pattern, it might be concluded that differential expression of Ang-1/Ang-2 might contribute to the pathogenesis of SSc possibly through the contribution to disturbed formation, maturation and integrity of blood vessel [5] .
Recently, EMPs have emerged as new markers providing reliable information on endothelium status in various vascular diseases, including rheumatic disorders. Microparticles are a heterogeneous population of small (0.1-1.0 μm), membrane-coated vesicles, shed from plasma membrane of different cells, in response to cellular dysfunction and/or injury and circulating in the blood. It needs emphasizing that the EMPs released from activated and apoptotic cells are phenotypically and quantitatively distinct. In general, the activation of endothelial cells without apoptosis, significantly increases expression of inducible antigens on EMPs (e.g., CD62E, CD106, CD54), while processes of apoptosis are reflected by the improved expression of constitutive antigens on EMPs (e.g., CD31, CD105) and increased binding of annexin V [16] .
We have demonstrated that the concentration levels of total circulating EMPs were significantly higher in SSc patients, when compared against healthy controls. Additionally, the mean concentration of total EMPs was significantly lower in SSc patients with late capillaroscopic pattern, as compared against the SSc patients with the early pattern and tended to be lower as compared with active pattern SSc patients. All those capillaroscopic patterns differ, with respect to the severity of capillary loss and the late pattern is being characterized by the most severe avascularization. The early pattern is characterized by relatively well-preserved capillary numbers, and the active pattern -by intermediate changes. Therefore, it could be suggested that the concentration levels of total EMPs are related to the overall number of microvessels in SSc. Indeed, we found out that the levels of total EMPs are inversely correlated to the severity of capillary loss. Thus, our preliminary results suggest that quantity of circulating EMPs might reflect microvascular changes in SSc. Further studies are required to reveal the role of EMPs in the development of microangiopathy in SSc.
Psoriasis. Angiogenesis is one of the most essential pathophysiological mechanisms in PV. Vascular changes appear at an early stage of psoriatic plaque development before the occurrence of the clinical and histopathological features of epidermis hyperplasia. They are due to the endothelial cells proliferation which leads to the elongation of the venous part of capillaries in the dermal papilla. The arterial limb becomes proportionally shorter and nearly all the loop is of the venular nature ("venulization" phenomenon) [17] . Moreover, within the elongated, tortuous, dilated intrapapillary capillaries the gaps in the endothelium are present with an increased blood flow and leakage of albumin and other blood proteins to the surrounding tissue [17, 18] . In PV this balance is disturbed, which may be reflected in the tissue and serum pro-and anti-angiogentic mediators activity.
In PV, the PlGF, another member of VEGF family, seems to be of special interest. Its main receptor, the VEGFR-1, is known to be a negative angiogenesis regulator preventing the VEGF binding to the VEGFR-2, indispensable for proangiogenic effect. Increased angiogenesis stimulates proliferation of anti-angiogenic factors, including endostatin, which counteracts the endothelial cells` proliferation and migration stimulated by the VEGF. What is more, endostatin increases the recruitment of other anti-angiogenic mediators, including thrombospondins andglicoproteins which, among others, increase adhesion of the endothelial cells [19, 20] .
The results of our study are in accordance with the observations presented by other authors who reported differences between the PV and PsA NVC images. They found that twisted and dilated venular branches [21] or coiled, tortuous and short capillaries [22, 23] might be characteristic NVC features in PV, whereas a reduction in the capillaries linear density [24] , lower mean capillary length [25] , a decreased diameter of afferent limb and meandering capillaries with tight terminal convolutions [26] were characteristic of PsA. Similarly to our observations, the well visible sub-papillary venular plexus could turn out to be another distinctive feature while distinguishing between PsA and PV [27, 28] . According to some of the authors, the NVC pattern may also be dependent on the nail plate involvement or PsA subtype, i.e. a diminution in the capillary bed density in the nailfold of psoriatic patients with associated nail changes or DIP (distal interphalangeal predominant) joint disease [24] . The same authors were also of the opinion that NVC could be helpful in differentiation between PsA and rheumatoid arthritis (RA) in which the venous, arterial and loop diameters were significantly higher than in PV, PsA and controls [29] .
On the basis of the results of our NVC examination we were able to distinguish four original types of NVC patterns in psoriatic patients (Table 2, Figure 3) . Interestingly, we found a significant correlation between the NVC pattern and PsA. Type IV of NVC pattern, however, was not observed in the patients with no joint involvement. In the PV patients, the Type I and Type II NVC patterns were more frequent in comparison with the patients with PsA [30] . No correlations between NVC pattern and serum activity of angiogenic markers were revealed.
Alopecia areata and androgenetic alopecia. Hair follicle angiogenesis is a complex process controlled by both proangiogenic and antiangiogenic factors [31] [32] [33] . Among different mediators under special interest are: VEGF-A, HGF, IGF-1. These factors exert not only proangiogenic influence but they are also involved in hair cycle control. Together with VEGF, HGF and IGF-1, they are considered to be crucial for anagen maintance [34] .
It has been demonstrated that increased expression of VEGF in hair follicle keratinocytes is associated with increased vascularisation of hair follicle, which is characteristic for anagen. A reduced vasculature around hair follicle is related to decreased synthesis of VEGF [32, 33] . Interestingly enough, HGF and IGF-1 exert stimulatory effect on VEGF expression. Therefore, it may be expected that these factors may be also involved in anagen-associated angiogenesis [33, 34] . In the group of antiangiogenic factors endostatin deserves special attention. It has been suggested that this potent endogenic inhibitor of pathogenesis might be involved in the control of hair cycle-associated angiogenesis. However, its role has yet to be clarified [35] . It is believed that any alterations in microcirculation should be noticeable in the nailfold, therefore NVC might be used in all clinical conditions in which microcirculation involvement is expected [36] .
Up-to-date capillaroscopic abnormalities in AA have been reported only in a few studies [37, 38] , however no typical pattern has been identified yet. Thus, our findings are difficult to interpret. Nevertheless, the presence of various NVC alterations may suggest disturbances in skin microcirculation in the course of AA.
To the best of our knowledge, NVC has never been used to observe microcirculation in androgenetic alopecia. Observed alterations are not characteristic, but they may suggest angiogenesis. The lack of other studies considering NVC in androgenetic alopecia, makes it difficult to interpret. However, the possibility that more prominent changes might be observed within the scalp cannot be also excluded Also, it is possible that the observed NVC alterations in both investigated types of non-scaring alopecia may result from local, rather than systemic disturbances in angiogenesis control.
CONCLUSIONS
1. Increased levels of Ang-2 in serum of SSc patients with late capillaroscopic pattern might be associated with advanced capillary damage 2. The inverse correlation between total levels of EMPs with the severity of capillary loss may reflect microvascular changes in SSc patients 3. The obtained nailfold pattern may be helpful in the differentiation between PsA and PV 4. The presence of various NVC patterns among AA and androgenetic alopecia patients may suggest disturbances in skin microcirculation in course of the diseases 5. Further studies are required to fully elucidate observed correlations and their clinical significance.
